Abstract The combining of chemically assisted clarification with a proprietary physical separation technology has led to a high rate process for clarifying flocculated sewage and other waste streams. This hybrid physico-chemical system, known as the CDS Fine Solids Separation (FSS) System, was developed over a two year period within a sewage treatment plant environment.
Introduction
Traditional solutions to the problem of sewers overloaded during peak flow periods involve augmentation of the sewer, which is expensive and disruptive, or the use of temporary storage of sewage for later treatment by the STP. The nature of the liquid to be stored, which is odorous and pathogenic, means that it must be kept away from the public for reasons of both safety and aesthetics. In populated areas, this has meant the use of below-ground, covered storages, which are expensive.
The stored liquid further contains suspended solids which means that any storage facility must be cleaned after use to remove solids that have settled. Such material is offensive and pathogenic, representing a significant health risk and loss of public amenity.
A strategy involving storage of clarified, non-odorous sewage effluent in above-ground, open detention basins followed by its return to the sewer after peak loads have subsided, would represent a significant step forward in the management of sewerage systems and containment of costs. Provided that the public issues (odour and pathogens) are properly addressed, there can be no objection to the continued use of this strategy as an alternative to sewer augmentation. Several approaches to peak load levelling to smooth flows to wastewater treatment plants and reduce infrastructure costs have been discussed recently (Booker, 2000) .
The FSS technology
The following description applies to sewage (where most of the development work has been conducted to date), although other waste streams could be treated similarly.
The steps in the high rate process are very simple (refer Figure 1 ): 1. Raw sewage is fed into the Gross Solids Separator (GSS). This is a physical separator based on a patented screening system that removes all solids down to 1mm in size, together with smaller grits and sediments. An underflow averaging just 1% of the total inflow is periodically pumped from the GSS to remove accumulated solids (around 15% of the TSS plus gross solids). 2. Coagulant (alum) and a polyelectrolyte are added to the screened sewage from the GSS to cause flocculation. Mixing and maturation of the flocculated sewage takes place either in-line or in tanks. 3. By the time it enters the Fine Solids Separator (FSS), flocs have formed and the liquid is relatively clear. The floc is separated from the liquid by the CDS screen in the FSS, and the separated solids can be removed in various ways, but the end result is an effluent that is clear and can be disinfected easily. (In the trial reported here a belt conveyor was used to remove a slurry containing around 4% solids by weight for convenience in pumping and disposal).
Overall residence time for the process is around 2 minutes; startup time is about 3 minutes before steady state is achieved.
Field trial program
After completion of pilot plant trials of the FSS system, a containerised portable plant was constructed (Figure 2 ) for the field trial by the Barwon Region Water Authority at a coastal town south of Geelong in Victoria. This town experiences heavy loading of the sewerage system during holiday periods, and provided an ideal opportunity for evaluation of the system for the proposed load levelling procedure.
Barwon Water set two objectives for the trial -an assessment of the effluent from the FSS for storage in an open basin as above, and also evaluation of the effluent for possible reuse applications.
The site selected for the trial ( Figure 3 ) was suitable for several reasons. Although the sewage pump station is quite close to adjacent housing, the site is owned by the Authority and fully fenced. A 7 ML earthworks detention basin had been constructed previously, on open land 500 m from the site, to provide emergency storage in case an R.A. Jago et al. unforeseen outage of the trunk sewer occurred in this sensitive environment. Although it had never been used for this purpose, it provided an excellent storage for effluent from the FSS system. Two branch sewers were accessible, one supplying the pump station from which the sewage was drawn for the trial, the other providing a convenient means for disposal of the sludge from the FSS. In this way, no solids or liquid were stored at the pump station site, thus conforming with the Environment Protection Authority's (EPA) permit requirements for the trial. Both sewers receive only domestic sewage.
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For the purposes of the trial, raw sewage was pumped from the pump well to the FSS for treatment. Gross solids, separated from the sewage by the GSS, were returned periodically to the same pump well for disposal when each day's trial was completed and the pump station returned to normal operation. During the startup time of the system and while the appropriate dose rate was being established, effluent from the FSS was also returned to the pump well. Once the dose was deemed to be satisfactory, effluent was then discharged to the detention basin. A side stream from this discharge was passed through a UV disinfection facility to assess the potential of the effluent for disinfection.
One limitation on the trial was the availability of sufficient sewage to operate the system at the nominated treatment rates (up to 30 l/s). The hydrograph for the sewerage at the pump station showed a peak from about 08.00 to 11.30 am and another early in the evening. For this reason runs of the system at the high treatment rates could only be conducted for short periods, although longer runs at the lower flowrates were possible.
Runs of the FSS system were carried out at flowrates of 15, 20, 25 and 30 l/s and samples taken from influent, effluent, storage basin and UV disinfection facility. All samples were analysed by Barwon Water's NATA registered laboratory in Geelong, and were taken in accordance with procedures set by the laboratory.
Results
Results and observations reported here are taken from an internal report (Teng and Williams, 2001) Table 1 below. System flowrates in the range 15-30 l/s appeared to have no influence on system performance. Dosage rates were adjusted for system treatment rate.
Turbidity: Although the influent turbidity readings varied over a range of 125 to 150 depending on the time of day, the effluent remained generally steady at approximately 8 NTU.
TSS: Total suspended solids also varied over the day from 100 to 166 mg/l (averaged readings), being highest in the morning and lowest in the early afternoon. Despite these fluctuations, the effluent TSS remained just below 20 mg/l (average).
BOD 5 : The low influent BOD (130-180 mg/l average) is consistent with the weak domestic sewage sourced for the trial. The BOD was reduced by an average amount of 68% through the FSS, but sampling in the detention basin showed a considerable further reduction (to below 10 mg/l) such that odour could barely be detected at the storage basin. COD followed a similar trend.
FC: Faecal coliforms were reduced by 2 logs from the initial value in the influent. This reduction was achieved in the FSS through removal of the fine particulate matter. UV disinfection of the effluent at an appropriate flowrate of the side stream provided a further 4 log reduction of E. coli, providing a total 6 log reduction and indicating that the effluent can be satisfactorily disinfected by this means. TP: Total phosphorus was reduced significantly (owing to use of alum coagulant), with an average reduction of 87% being observed.
NH 4 -N: At 17% reduction, the process does not make a large difference to ammonianitrogen and other means would have to be utilised to reduce this nutrient.
Oil and Grease: A reduction of 75% in Oil and Grease was observed, even though no special measures were employed to remove these from the influent.
Some observations were made during the trial (but in a less systematic way than the analytical work) that are relevant to the use of the FSS for the load levelling application and are worth reporting. 1. It was noted that BOD, TSS and FC all continued to decrease over time in the storage pond. The stored effluent in the pond had very little odour and was unnoticeable 20 m from the pond. As the nearest houses were 200m from the pond, there is not likely to be any concern from residents about odour. 2. No concern was reported by nearby residents about noise from operation of the FSS R.A. Jago et al. system, which is almost silent in operation. The only audible system component is a small compressor which was housed in the soundproofed pump station for the trial. 3. The sludge from the process was discharged into the pumped sewer (Figure 3) which leads into another pump station about 1km away. It was apparently broken up in the pipeline as it caused no problems at the downstream station. 4. It was noted that process effluent stored in an anaerobic environment (in the return pipeline from the storage pond) smelled strongly of hydrogen sulphide. Effluent stored in the pond itself was odour-free and had sulphide below the limit of detection. 5. As an indicative assessment of the suitability of the effluent for reuse purposes, several m 3 were passed through a sand filter (as a soil surrogate) at a downflow rate of approximately 100 mm/hr, to evaluate the filter's propensity to clog. After ca. 30 hours' operation in this way, there was no sign of clogging. Effluent turbidity from the sand filter was less than 1 NTU. A few analyses were also conducted on water from the storage pond. TSS from this source was found to decrease with time to below 6 mg/l, until the occurrence of an algal bloom caused it to increase significantly. BOD 5 from the pond was consistently below 10 mg/l, while faecal coliforms reduced by 3.4 orders of magnitude from the influent concentration.
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Discussion of results
Overall, the Fine Solids Separation system met the effluent quality objectives of Barwon Water for the proposed load levelling application. The FSS produced large reductions in turbidity, TSS, BOD, COD, FC, TP, Oil and Grease, but only a nominal reduction in ammoniacal nitrogen. The quality of the effluent was suitable for temporary storage in the open basin without loss of public amenity or risk to public health. An indicative cost for the FSS/load levelling strategy showed a significant saving over the cost of upgrading the sewer for an equivalent increase in capacity.
For effluent reuse, the picture is not so clear. The effluent as produced crossed recognised classes under the draft Victorian EPA Environmental Guidelines (EPA, 2001) . Although the TSS was consistently <30 mg/l, the BOD exceeded the 20 mg/l guideline for Classes B, C and D. However, the BOD fell well within these guidelines after less than a week's open storage of the effluent, so this would have to form part of any strategy for reuse of this effluent. The UV results indicate that disinfection with an appropriately sized unit can bring the effluent to the required bacterial standard.
While the NH 4 -N levels in the effluent exceed those permissible for discharge to oceans or inland waterways, the nitrogen content may be acceptable or even advantageous where reuse is for agricultural purposes. This would need to be assessed for each case.
Conclusions
Results of an independent field trial have confirmed the feasibility of a proposed load levelling strategy to reduce the instantaneous load on the sewer by delaying the peak flow until the loading on the sewerage is reduced. The strategy results in a 20-25% increase in effective sewer capacity.
The load levelling strategy is enhanced by use of the CDS Technologies' Fine Solids Separation system which produces a clear, odour-free effluent that can be disinfected, so minimising risk to public health and loss of public amenity.
The effluent produced by the FSS system is potentially applicable to selected agricultural water reuse applications.
